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Four of the mutagenic pyrolysates derived from amino acids or
protein—Trp-P-1, Trp-P-2, Glu-P-1, and AaC—have been shown to in-
duce sister chromatid exchanges in a permanent line of human lympho-
blastoid cells (Tohda et_ al. , 1980).  In addition, the basic fraction
extracted from pyrolyzed tryptophan was found to cause mutations re-
sulting in resistance to ouabain or 8-azaguanine in cultured Chinese
hamster lung cells (Inui et_ al_., 1980).  Trp-P-1, Trp-P-2, and Glu-
P-l can transform primary Syrian golden hamster embryo cells (Takayama
£t_ al. , 1977, 1979).  The cells transformed by Trp-P-2 have been shown
to grow in soft agar and to result in tumors when inoculated into the
cheek pouches of young hamsters with unimpaired immunocompetence (Taka-
yama _e_t al^ , 1978).* Although these findings support the potential car-
cinogenicity of these chemicals, a definitive determination of carcino-
genicity must be made in whole animals.
Several of the mutagenic pyrolysates of amino acids or proteins
have been tested for carcinogenicity in vivo, Neoplastic nodules,
which are presumed to be precancerous changes, were found in the
livers of Wistar rats given the basic fraction from pyrolyzed trypto-
phan at 0.2% in the diet (Matsukura ej^ al. , 1981b).  Neither neoplas-
tic nodules nor liver tumors had previously been observed in this
strain of rats in this laboratory.  Subcutaneous injection of Trp-P-1
(1.5 mg once a week for 20 weeks) induced sarcomas in Syrian golden
hamsters and in Fischer rats (Ishikawa <et_ aJL., 1979).  Trp-P-2 did not
induce tumors in either hamsters or rats under the same experimental
conditions (Ishikawa et_ al_. , 1979).  Trp-P-1 and Trp-P-2 produced
liver tumors in CDF^ (BALB/c x DBA) mice that were fed a diet con-
taining 0.02% of either of these chemicals (Matsukura et al», 1981a).
Some of these liver tumors metastasized to the lung.  PNemale mice were
more susceptible to these carcinogens than were the males.  Six of nine
female ACI rats fed 0.1% Trp-P-2 in their diet developed neoplastic
nodules of the liver, and one of the six developed a hemangioendothe-
lial sarcoma of the liver (Hosaka et_ al^., 1981).  None of the control
animals developed such nodules or tumors. Glu-P-1, Glu-P-2, AaC, and
MeAaC induced hepatomas in mice.  Glu-P-1 and Glu-P-2 also induced
hemangioendotheliomas between the scapulae of mice fed diets contain-
ing 0.05% of either of these chemicals (Sugimura, in press).  Thus, it
appears that the identification of several of the mutagenic compounds
found in pyrolysates of proteins and amino acids was an accurate pre-
dictor of carcinogenicity. However, the presence of a carcinogenic
chemical in a pyrolyzed amino acid or protein mixture does not neces-
sarily imply that the carcinogen will also be present in normally
cooked, uncharred food.
Mutagens Formed from Meat at Lower Temperatures	'
In the experiments concerning the formation of mutagenic pyrolysis
products from amino acids and proteins, temperatures of 250°C or
greater were used (Matsumoto et_ al., 1977; 1978; Uyeta et_ ajL., 1979).
However, it is now known that simply boiling beef stock at temperatures

